10/591639 

IAP20 Rec'd PCT/PIO 0 5 SEP 2O06 

2004P03614WO I 

MAGNETIC FIELD ADJUSTING DEVICE 

Technical Field 

5 The present invention relates to a magnetic field adjusting device for magnetic 

apparatus, particularly to a mechanical shimming device for improving the 
homogeneity of a magnetic field of Magnetic Resonance Imaging (MRI) apparatus, 
thereby to improve the imaging quality. 

10 Background Art 

Magnetic fields are widely used in various measuring and imaging technologies, 
for example, in various kinds of MRI apparatus. In some examples, permanent 
magnetic fields generated by permanent magnets are employed. 

15 

Fig. 1 shows a magnetic arrangement employing C-shaped permanent magnet. 
The arrangement may be employed in an open MRI apparatus. The magnetic 
arrangement comprises a C-shaped frame 1 serving as a yoke; upper press plate 2 and 
lower press plate 21 respectively mounted on the upper and lower ends of an opening 

20 of the C-shaped frame, opposing upper pole plate 3 and lower pole plate 3 1 arranged 
in the opening of the C-shaped frame; Ring-shaped parts (Rose-ring) 4 and 40 
respectively mounted on the opposing surfaces of the upper pole plate 3 and lower 
pole plate 31; an upper gradient coil and a lower gradient coil (not shown) 
respectively mounted parallel to the upper pole plate 3 and parallel to lower pole 

25 plate 31, and arranged within the respective Rose-rings. An upper magnetic field 
generating source 5 is arranged between the upper press plate 2 and upper pole plate 
3, and a similar lower magnetic field generating source 51 is arranged between the 
lower press plate 21 and lower pole plate 31. Each magnetic field generating source 
5, 51 is composed of a plurality of permanent magnets. 

30 

The above magnetic field generating sources 5, 51 are important components of 
some MRI apparatus. For example, such magnetic field generating devices may be 
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mounted between the press plates 2, 21 and pole plates 3, 31 arranged in the opening 
of open MRI apparatus, to generate magnetic field strength up to 0.5 Tesla for a 
whole body MRI apparatus, or up to 1 Tesla for parts of body or animal or industrial 
MRI apparatus. The homogeneity of the resultant magnetic field is very important 
5 to the imaging quality. Generally, the magnetic field is stronger in a central area 
close to the upper and lower pole plates, 3, 31, but is weaker at the periphery of the 
pole plates. In order to improve the homogeneity of magnetic field in the space 
between the upper and lower pole plates, rose-rings 4, 40 are respectively mounted at 
the periphery of the upper and lower pole plates 3, 31. Because the rose-rings 4, 40 

10 protrude from the surfaces of the upper and lower pole plates 3, 31, the magnetic 
field strength at the periphery of the pole plates is partially intensified to improve the 
homogeneity of the overall magnetic field. This improves the homogeneity of 
magnetic field between the upper and lower pole plates, which is advantageous for 
imaging purpose. Before a permanent magnet MRI apparatus is dispatched, the 

15 magnetic field between the upper and lower pole plates must be adjusted to a 
homogeneous state, which can be verified with an imaging process. 

However, during the course of transportation, installation and operation of the 
MRI apparatus, the homogeneity of the magnetic field between the upper and lower 
20 pole plates 3, 31 will be degraded by environmental changes such as changes of 
environmental temperature and surrounding magnetic environment. Consequently, 
it is necessary to re-shim the magnetic field at the operational site to obtain 
homogeneous magnetic field, and so to allow imaging of the desired quality. 

25 U.S. Patent No. 4,943,774 discloses a magnetic field adjusting device as shown 

in Fig. 2. The rose-ring is composed of annular ring 56 and sixteen pieces of 
movable shim plates 60 mounted thereon. Each shim plate 60 defines two slots 64, 
and is fixed onto the ring 56 by means of two screws 66 extending through the slots 
64. When the magnetic field is to be adjusted ("shimmed"), screws 66 are loosened 

30 and the shim plates 60, are moved radially inwards or outwards. The slots 64 slide 
past screws 66. Once a shim plate is in position, its screws 66 are retightened to 
hold the shim plate in position. Additionally, to achieve increased homogeneity. 
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one or more of the shim plates can be laminated. The shim plates may comprise a 
stack of laminations, so that the homogeneity can be achieved by adding or taking out 
some of the laminations. Limitations of such mechanical homogeneity improving 
method include the following. A considerable external force is needed to move the 
5 shim plates, since the shim plates are strongly attracted to the magnetic field 
generating source. Friction between the shim plates and the surface means that the 
shim plate will need to be pushed hard to move at all. Under such a strong force, it 
is difficult to accurately locate the shim plate in the required position. It is very 
difficult to accurately control the moving distance or to replace the shimming plug in 

10 its original position, as the described screw fasteners 66 do not offer an accurate 
positioning. It is difficult to measure the displacement imparted to a shim plate, or 
to be sure that one has replaced a shim plate in its original position. The assembly 
and disassembly of such structure demands considerable time and man-power, which 
dramatically increases the cost of installation. The adjusting operation can only be 

15 performed on the top layer; and the adjusting range is very limited. The means of 
disassembling the shim plates or stacked layers of laminations can not realize 
continuous adjustment. A special disassembling device is needed, which also 
demands considerable time and man-power, which dramatically increases the cost 
thereof. 

20 

Content of the invention 

The primary objective of the present invention is to provide a magnetic field 
adjusting device, which can overcome external magnetic force to move a shim, 
25 thereby achieving continuous adjusting and accurate positioning of the shim. 

Accordingly, the present invention provides a magnetic field adjusting device 
for mounting on a pole plate mounted on a magnetic field generating source, the 
magnetic field adjusting device comprising a plurality of moveable shimming plugs. 
30 Each of the shimming plugs is mounted in a retaining groove, whereby each 
shimming plug can only move in the direction of the retaining groove. 

The retaining grooves may be swallow-tailed grooves, and said shimming plugs 
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may have a trapezoidal section, for engaging with and sliding in the swallow-tailed 
retaining grooves. Alternatively, the retaining grooves may be T-shaped grooves, 
and said shimming plugs may have a T-shaped section, for engaging with and sliding 
in the T-shaped retaining grooves. 
5 The shimming plug may be driven by means of a drive screw. 

The shimming plugs may be dismountable for replacement with shimming 
plugs of different size or different magnetic properties. 

In use, the shimming plugs may be mounted at the periphery of a pole plate and 
each retaining groove may be oriented in a substantially radial direction of said pole 
10 plate. 

The present invention also provides an assembly comprising a pole plate and a 
magnetic field adjusting device as described, wherein the periphery of the pole plate 
is mounted with a ring-shaped part, and said retaining grooves are formed in the 
ring-shaped part. In a certain embodiment, there are twelve retaining grooves 
15 evenly distributed around the ring-shaped part. 

The present invention also provides a magnetic field generating source 
provided with a magnetic field adjusting device, wherein the magnetic field adjusting 
device comprises adjusting bars mounted at the periphery of the magnetic field 
generating source, the adjusting bars being moveable in a direction substantially 
20 parallel to a magnetic field produced by the magnetic field generating source. 

The may further be provided with a pole plate mounted on the magnetic field 
generating source, wherein the adjusting bars are moveable in a direction 
perpendicular to the pole plate. 

The adjusting bars may be mounted movably in retaining means. 
25 The retaining means may be arranged at the periphery of the magnetic field 

generating source. The retaining means may be arranged at the periphery of the pole 
plate. 

The adjusting bars may have a rack structure, and are arranged to be driven by 
means of mating pinion gears. 
30 The adjusting bars may be in the form of screws, which can be driven through 

an internal thread formed in the retaining means. 

The adjusting bars may be dismountable for replacement with adjusting bars of 
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different size or different magnetic properties. 

The shimming plugs or adjusting bars may be arranged for adjustment in a 
synchronized manner. 

The shimming plugs or adjusting bars may be arranged for remote adjustment 
5 by one or more electric motor. 

The magnetic field adjusting device or magnetic field generating source may 
further comprise a computer programmed with magnetic field measurement and/or 
modeling software, the computer being arranged to control the electric motors to 
adjust the shimming plugs or adjusting bars in accordance with instructions provided 
10 in response to magnetic field measurement or modeling. 

The computer may be arranged to control the electric motors to automatically 
adjust the shimming plugs or adjusting bars to achieve a desired level of field 
homogeneity. 

The present invention also provides a magnetic field generation device 
15 comprising a pair of opposing magnetic field generating sources as described, 
arranged to provide a magnetic field generated between them. 

The present invention also provides a magnetic field generation device 
comprising a pair of opposing magnetic field generating sources arranged to provide 
a magnetic field between them; a pair of pole plates, respectively mounted on the 
20 opposing faces of the magnetic field generating sources, and at least one magnetic 
field adjusting device as described.. 

The present invention also provides a magnetic field generation device 
comprising a yoke, connected with an upper press plate and a lower press plate, the 
lower press plate and the upper press plate oppositely arranged; and a magnetic field 
25 generating device as described, with respective magnetic field generating sources and 
pole plates oppositely mounted on respective said press plates. 

The present invention also provides MRI apparatus comprising a magnetic field 
generation device as decribed. 

30 The present invention also provides the following solution: a magnetic field 

adjusting device for MRI apparatus, comprising: a yoke, connected with an upper 
press plate and a lower press plate, the lower press plate and the upper press plate 
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oppositely arranged; a pair of magnetic field generating source, respectively and 
oppositely mounted on said upper press plate and lower plate, and a magnetic field 
generated between the two magnetic field generating sources; a pair of pole plates, 
upper pole plate mounted on the magnetic field generating source, lower pole plate 
5 mounted on magnetic field generating source, and a magnetic field space formed 
between the magnetic field generating source; a plurality of movable shimming plugs 
mounted at the periphery of said upper pole plate and lower pole plate; which 
characterized in: each of the above shimming plugs is mounted in a lead groove, and 
the plug can only move in the guided direction of the lead groove. 

10 Furthermore, in accordance with a preferred embodiment of the present 

invention, the peripheries of the upper pole plate and lower pole plate are 
respectively mounted with ring-shaped parts, and said lead groove is formed in the 
ring-shaped part. Said lead groove is substantially formed in radial direction of said 
ring-shaped part. There are twelve said lead grooves evenly distributed on said 

15 ring-shaped parts. 

In accordance with another preferred embodiment of the present invention, said 
lead groove is swallow-tailed groove, and said shimming plug has a trapezoidal 
section, for engaging with and sliding in the swallow-tailed groove. Said shimming 
plug is driven by means of a lead screw. 

20 In accordance with an alternative preferred embodiment of the present 

invention, said lead groove is a T-shaped groove, and said shimming plugs has a 
T-shaped section, for engaging with and sliding in the swallow-tailed groove. Said 
shimming plug is driven by means of a lead screw. 

The above objective can be achieved by the following alternative solution: a 

25 magnetic field adjusting device for MRI apparatus, comprising: a yoke, connected 
with an upper press plate and a lower press plate, the lower press plate and the upper 
press plate oppositely arranged; a pair of magnetic field generating source, 
respectively and oppositely mounted on said upper press plate and lower plate, and a 
magnetic field generated between the two magnetic field generating sources; a pair of 

30 pole plates, upper pole plate mounted on the magnetic field generating source, lower 
pole plate mounted on magnetic field generating source, and a magnetic field space 
formed between the magnetic field generating source; ring-shaped parts mounted at 
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the periphery of the upper pole plates and lower pole plate; which characterized in: 
adjusting bars which can be moved up and down are mounted at the periphery of the 
magnetic field generating source. 

In accordance with a preferred embodiment of the present invention, said 
5 adjusting bars are mounted movably in lead means. Said lead means are arranged at 
the periphery of the press plates and/or the pole plates. 

In accordance with another preferred embodiment of the present invention, said 
adjusting bars have a rack structure, and can be driven by means of gears separately 
or in a synchronized manner. 
10 In accordance with another preferred embodiment of the present invention, said 

adjust bars are screws, which can be driven through the internal thread formed in the 
lead means. 

In accordance with another preferred embodiment of the present invention, said 
adjust bars can be dismounted and replaced with adjusting bars of different size. 

15 

Description of figures 

The figures included herein provide a further understanding of the invention. A 
brief description of the figures is as follows: 

20 

FIG. 1 is an isometric view showing a general structure of conventional MRI 
apparatus; 

FIG. 2 is an isometric view showing a conventional mechanical magnetic field 
adjusting device for the magnetic field of conventional MRI apparatus, wherein shim 
25 plates are secured on the top surface of an annular ring by screws; 

FIG. 3 is an isometric view of an adjusting device in accordance with a 
preferred embodiment of the magnetic field adjusting device of the present invention, 
wherein suitably shaped shimming plugs are mounted in swallow-tailed grooves. 

FIG. 4A is an isometric, partial enlargement view of the embodiment of FIG. 3, 
30 showing the shimming plug driven inwards and outwards inside the swallow-tailed 
groove by a drive screw; 

FIG 4B is a view, similar to that of Fig. 4A, of another embodiment of the 
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present invention, where a T-shaped shimming plug is driven within a T-shaped 
groove. 

FIG. 5 is an isometric view of a shimming arrangement in accordance with an 
alternative embodiment of the present invention, wherein adjusting bars are mounted 
5 at the periphery of a magnetic field generating source; 

FIG. 6 is an isometric, partial enlargement view of the preferred embodiment of 
FIG. 5, showing the adjusting bar driven in guiding rails; and 

FIG. 7 is an isometric view of still another alternative embodiment, wherein the 
devices of Figs 4A and 6 are used together. 

10 

Embodiments 

FIGs. 1, 3 and 4A illustrate a magnetic field adjusting device of the present 
embodiment, and its application to a known magnet arrangement 

15 

Fig. 1 shows a known magnet arrangement which may be adapted according to 
the present invention. As shown in FIG. 1, the magnetic arrangement comprises: a 
C-shaped yoke 1, which may serve as the frame of an MRI apparatus. The yoke 1 
connects opposing upper 2 and lower 21 press plates. A pair of magnetic field 

20 generating sources 5, 51 are respectively and oppositely mounted on the upper press 
plate 2 and lower press plate 21, so that a magnetic field is formed between the two 
magnetic field generating sources. The magnetic field generating sources may be 
permanent magnets. An upper pole plate 3 is mounted on the downward surface of 
the upper magnetic field generating source 5, and a lower pole plate 31 is mounted on 

25 the upward surface of the lower magnetic field generating source 51, thus defining a 
magnetic field space between the pole plates. Peripheral ring-shaped parts (herein 
referred to as rose-rings) 4, 40 are respectively mounted at the periphery of the 
opposing surfaces of the upper and lower pole plates 3, 31. The ring-shaped parts 4, 
40 protrude from the periphery of the pole plates 3, 31, and serve to strengthen the 

30 magnetic field intensity at the periphery of the pole plates 3, 31, thus improving the 
homogeneity of magnetic field in central volume between the pole plates 3, 31 and at 
the peripheral portions of the pole plates 3, 31. The ring-shaped parts 4, 40 are 
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generally made of a soft magnetic material. 

FIG. 3 illustrates, as an example, the lower magnetic field generating source 51 
on the lower press plate 21, lower pole plate 31 and the ring-shaped part 40 at the 
5 periphery thereof. Said ring-shaped part 40 comprises a plurality, for example 
twelve, of sector segments 41 which connect with each other to form ring-shaped part 
40. Each of the segments 41 incorporates a retaining groove 45 along the radial 
direction of the ring-shaped part 40. A shimming plug 42 is placed within each 
retaining groove, so as to be moveably retained within the retaining groove. In this 
10 embodiment there are twelve retaining grooves 45 and twelve shimming plugs 42, 
distributed evenly about the ring-shaped part 40. Of course, the number of retaining 
grooves 45 and shimming plugs 42 can be varied according to requirement, and can 
also be distributed asymmetrically. In an embodiment such as illustrated in Fig. 1, 
similar modifications may be made to the upper magnetic field generating source 5. 

15 

Fig. 4A shows an enlarged view of a single sector segment 41 of the 
ring-shaped part 41 of Fig. 3. In the illustrated embodiment, the retaining groove 45 
on the sector segment 41 is a swallow-tailed groove, and the shimming plug 42 has a 
mating trapezoidal cross-section which is located in sliding engagement into the 

20 swallow-tailed groove 45. The swallow-tailed groove restricts the movement of the 
shimming plug 42 to the radial direction only. The shimming plugs 42 can not 
move in any other direction other than the radial direction even under strong 
magnetic force. In order to retain, and move, the shimming plug 42 while under the 
influence of a strong magnetic force, and to secure its position, there is provided a 

25 threaded hole in the said shimming plug 42, and a drive screw 43 mounted on clamp 
plates 44. The drive screw 43 is engaged in, and extends through, the threaded hole 
of the shimming plug 42. The clamp plates 44 are fixedly mounted on an outer side 
of the sector segment 41. The shimming plug 42 can be accurately driven radially 
inward and outward by turning the lead screw 43 clockwise or counter clockwise, 

30 even in the presence of a strong magnetic field. The shimming plug can be 
accurately positioned and returned to its original position if necessary by taking 
advantage of the self-locking effect of lead screw 43. The magnetic field in the 



* 



2004P036I4WO 10 

corresponding region can be increased or reduced by such shimming action, so that 
magnetic field can be adjusted to achieve a required degree of homogeneity. 

Fig. 4B shows another embodiment of the present invention. In this 
5 embodiment, the magnetic field adjusting device has a similar structure to the first 
embodiment, as shown in Figs. 3 and 4A, except that the retaining groove of the 
ring-shaped part 40 is a T-shaped groove, and the cross-section of the shimming plug 
42 is also T-shaped, to fit accurately in sliding engagement within the groove. The 
remaining technical features are the same as those of the embodiment of Fig. 4A 

10 

Because the upper ring-shaped part 4 has the same structure as the lower 
ring-shaped part 40 illustrated in FIGs. 3 and 4A or 4B, it is not further described in 
detail. 

15 The shimming plugs may be individually removed and replaced with shimming 

plugs of a different size or different magnetic properties, to provide the required field 
adjusting effect. Each shimming plug may comprise stacked laminations, which 
may be of differing thicknesses, and which may be individually adjusted or removed. 

20 The magnetic field adjusting device of the present invention provides at least 

the following advantages: firstly, while the shim plates of the prior art shown in Fig. 
2 are difficult to move at all under the strong magnetic force, and extremely difficult 
to move with accuracy, the present invention makes use of a retaining groove 45, and 
drive screw 43, to provide shimming plugs 42 which can be moved, positioned 

25 accurately and easily in a continuous manner, so that the adjusting of magnetic field 
becomes very convenient and simplified. The use of a drive screw and preferably 
also an interference fit of the shimming plug 42 within the retaining groove 45 means 
that the shimming plug is securely held in position when it is not being moved. 
This may be referred to as the self-locking mechanism. Alternatively, a specific 

30 mechanical or other self-locking mechanism, known in itself, may be provided to 
retain the drive screw in position when it is not being driven. The present invention 
makes it possible to adjust the magnetic field with high accuracy and efficiency. In 
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the illustrated embodiments, the retaining grooves and so the movement of the 
shimming plugs, are arranged in a radial direction the main axis of the magnetic field. 
Other orientations of the retaining grooves are of course possible v^ithin the scope of 
the present invention. 

5 

In some embodiments the ring-shaped parts 4, 40 may be formed of a plurality 
of layers. In such embodiments a retaining groove, drive screw and self-locking 
mechanism of the present invention may be provided in two or more of the layers. 
Measurement of the field change caused by movement of the shimming plugs, can be 
10 easily predicted by modeling and azimuth. 

FIGs. 1, 5 and 6 illustrate another embodiment of the present invention. 

FIG. 5 illustrates the lower press plate 21 and lower pole plate 31, and lower 

15 magnetic field generating source 51 is mounted between them, A plurality of 
adjusting bars 71, 81 are movably mounted at the periphery of the magnetic field 
generating source 51. The adjusting bars are preferably slidably mounted in 
retaining means (73, 83). The adjusting bars 71, 81 are preferably of a soft 
magnetic material. When said adjusting bars 71, 81 are moved in a direction 

20 perpendicular to the pole plate on the circumference of the magnetic field generating 
source 51, a corresponding portion of the magnetic field will effectively be short 
circuited. The magnetic field is thereby adjusted to improve the homogeneity of 
magnetic field at the periphery of the magnetic field generating source 51 by using 
such effect of magnetic short circuiting. The cross section of the adjusting bars 71, 

25 81 can be of any suitable shape, such as rectangular, trapezoidal, arc-shaped and the 
like, the thickness of the adjusting bars 71, 81 can be defined according to the 
requirement of the dimension of the magnet, and the width of the adjusting bars 71, 
81 may be defined according to the required adjusting range of magnetic field. A 
magnetic field adjusting effect can be accordingly provided without enlarging the 

30 magnet pole size. 

As illustrated in FIG. 6, at least one retaining means 73 suitable for 
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accommodating the adjusting bar 71 is provided at the periphery of the lower pole 
plate 31. At least one retaining means 83 suitable for accommodating adjusting bar 
81 is provided at the periphery of the lower press plate 21. The adjusting bars 71, 
81 are mounted in said retaining means 73, 83, and are thereby guided to be 
5 moveable perpendicular to the press plate 21 while being retained within retaining 
means 73, 83. The retaining means ensure that the adjusting bars 71,81 may move 
accurately in the guided direction even under the influence of a strong magnetic force. 
To overcome the magnetic force and to drive the adjusting bars, the adjusting bars 71, 
81 are preferably designed as a rack and can be driven up and down by mating pinion 
10 gears 72, 82. The adjusting bars may be adjusted separately or in a synchronized 
manner. In the present embodiment, a plurality of adjusting bars 71, 81 is mounted 
at the respective peripheries of both the lower press plate 21 and the lower pole plate 
31. It may be found beneficial to arrange the adjusting bars 71 and 81 in pairs 
vertically to gain an efficient adjusting effect to shim the overall magnetic field. 

15 

Only the lower magnetic field generating source 51 of the MRI apparatus is 
shown as an example in FIGs 5 and 6, which describes the magnetic field adjusting 
device using adjusting bars 71, 81. The structure of the adjusting bars in the upper 
magnetic field generating source 5 is preferably symmetrical to that of shown in FIGs. 
20 5 and 6, having the exact same structure and so will not be described in detail. 

The adjusting bars of the present invention can be adjusted accurately in the 
restricted direction to change the magnetic field strength at the periphery of the 
magnetic field sources 5, 51. The adjusting bars are mounted and retained by 
25 retaining means 73, 72, 83, 82 and can be arranged on the outer periphery of the pole 
plate and press plate to gain the maximum field adjusting effect without enlarging the 
magnet pole size. 

In accordance with another embodiment of the present invention (not shown), 
30 the magnetic field adjusting device of the present invention has the similar structure 
to the embodiment illustrated in FIGs. 1, 5 and 6, except in that the adjusting bars 71, 
81 are in the form of screws, which can be driven in an internal thread formed in the 
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press plate 21 or pole plate 31, which serve as retaining means. The screws are 
thereby mounted and retained on the base in an appropriate manner. 

The magnetic field adjusting device of the present invention can also have other 
5 variations, for example: the adjusting bars can be only arranged at the periphery of 
one of the lower pole plate 31 and the lower press plate 21. In addition, said 
adjusting bars 71, 81 can be dismounted and replaced with adjusting bars of different 
sizes, or different magnetic properties, to provide the required field adjusting effect. 

10 FIG. 7 illustrates another embodiment of the present invention; both of the 

adjusting devices shown in FIGs.3 and 4A and in FIGs. 5 and 6 are employed in a 
same magnetic field adjusting device to increase the effect of field adjustment. 
Since the structures of both of the adjusting devices have been described above, the 
detail description will not be repeated again. 

15 

While the present invention has been described with respect to a limited 
number of embodiments, given by way of examples, numerous modifications and 
variations may be made to the magnetic field adjusting device, within the scope of 
the invention as defined in the appended claims, for example 

20 

The magnetic field sources which are provided with magnetic field adjusting 
devices according to the present invention may be permanent magnets, resistive 
magnets or superconductive magnets. 

The opposing magnetic field sources are preferably oppositely polarized, so as 
25 to provide a linear magnetic field between them. 

The pole face surfaces are preferably, although not necessarily, parallel to one 
another to provide a uniform field. 

The magnetic field adjusting device is particularly useful for increasing the 
30 homogeneity of magnetic fields used for MRI or Nuclear Magnetic Resonance 
imaging, by allowing easy and accurate shimming of the magnetic field when the 
apparatus is installed. The present invention may of course be applied to the 
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adjustment of magnetic fields in other applications. 

The drive means may be arranged to be driven manually, or may be remotely 
driven by appropriately controlled electric motors. In a particularly advantageous 
5 embodiment, such electric motors may be controlled by a computer operating a 
magnetic field measuring and modeling software to automatically shim the magnet 
for optimum homogeneity. 

Since the shimming plugs and adjusting bars of the present invention are driven 
10 and retained by rotary screw or gear mechanisms, it is very simple to displace the 
plug or bar by a required amount, to return the plug or bar to an original position, 
simply by noting the angular displacement applied to the rotary screw or gear 
mechanism. 
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Claims 

1. A magnetic field adjusting device for mounting on a pole plate (31) mounted on a 
magnetic field generating source (51), the magnetic field adjusting device comprising 

5 a plurality of moveable shimming plugs (42), characterized in that each of the 

shimming plugs (42) is mounted in a retaining groove (45), whereby each shimming 
plug can only move in the direction of the retaining groove. 

2. The magnetic field adjusting device according to claim 1, wherein said retaining 
10 grooves (45) are swallow-tailed grooves, and said shimming plugs (42) have a 

trapezoidal section, for engaging with and sliding in the swallow-tailed retaining 
grooves. 

3. The magnetic field adjusting device according to claim 1, wherein said retaining 
15 grooves (45) are T-shaped grooves, and said shimming plugs (42) have a T-shaped 

section, for engaging with and sliding in the T-shaped retaining grooves. 

4. The magnetic field adjusting device according to any preceding claim, wherein 
said shimming plug (42) is driven by means of a drive screw (43). 

20 

5. The magnetic field adjusting device according to any of claims 1-4, wherein said 
shimming plugs (42) are dismountable for replacement with shimming plugs of 
different size or different magnetic properties. 

25 6. The magnetic field adjusting device according to any preceding claim, wherein, 
in use, the shimming plugs are mounted at the periphery of a pole plate (31) and each 
retaining groove (45) is oriented in a substantially radial direction of said pole plate. 

7. An assembly comprising a pole plate (31) and a magnetic field adjusting device 
30 according to any preceding claim, wherein the periphery of the pole plate (31) is 
mounted with a ring-shaped part (40), and said retaining grooves (45) are formed in 
the ring-shaped part. 
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8. The assembly according to claim 7, wherein there are twelve retaining grooves 
(45) evenly distributed around the ring-shaped part (40). 

5 9. A magnetic field generating source (51) provided with a magnetic field adjusting 
device, characterized in that the magnetic field adjusting device comprises adjusting 
bars (71,81) mounted at the periphery of the magnetic field generating source (5, 51), 
the adjusting bars being moveable in a direction substantially parallel to a magnetic 
field produced by the magnetic field generating source. 

10 

10. A magnetic field generating source according to claim 9, fiirther provided with a 
pole plate (31) mounted on the magnetic field generating source (51), wherein the 
adjusting bars (71, 81) are moveable in a direction perpendicular to the pole plate. 

15 1 1. A magnetic field generating source according to claim 9 or claim 10, wherein 
said adjusting bars (71, 81) are mounted movably in retaining means (72, 73; 82, 83). 

12. A magnetic field generating source according to claim 11, wherein said retaining 
means (72, 73; 82, 83) are arranged at the periphery of the magnetic field generating 

20 source. 

13. A magnetic field generating source according to claim 11 when dependent on 
claim 10, wherein said retaining means (72, 73; 82, 83) are arranged at the periphery 
of the pole plate. 

25 

14. A magnetic field generating source according to any one of claims 9 to 13, 
wherein said adjusting bars (71, 81) have a rack structure, and are arranged to be 
driven by means of mating pinion gears (72, 82). 

30 15. A magnetic field generating source according to any one of claims 9 to 13, 
wherein said adjusting bars (71, 81) are in the form of screws, which can be driven 
through an internal thread formed in the retaining means. 



•» 



2004P03614WO 17 

16. The magnetic field adjusting device according to any of claims 9-15, wherein 
said adjusting bars (71, 81) are dismountable for replacement with adjusting bars of 
different size or different magnetic properties. 

5 

17. The magnetic field adjusting device or magnetic field generating source of any 
preceding claim wherein the shimming plugs or adjusting bars are arranged for 
adjustment in a synchronized manner. 

10 18. The magnetic filed adjusting device or magnetic field generating source of any 
preceding claim wherein the shimming plugs or adjusting bars are arranged for 
remote adjustment by one or more electric motor. 

19. The magnetic field adjusting device or magnetic field generating source of claim 
15 18 further comprising a computer programmed with magnetic field measurement 
and/or modeling software, the computer being arranged to control the electric motors 
to adjust the shimming plugs or adjusting bars in accordance with instructions 
provided in response to magnetic field measurement or modeling. 

20 20. The magnetic field adjusting device or magnetic field generating source 
according to claim 19, wherein the computer is arranged to control the electric 
motors to automatically adjust the shimming plugs or adjusting bars to achieve a 
desired level of field homogeneity. 

25 21. A magnetic field generation device comprising a pair of opposing magnetic field 
generating sources (5, 51) according to any of claim 9-20 arranged to provide a 
magnetic field generated between them. 

22. A magnetic field generation device comprising a pair of opposing magnetic field 
30 generating sources (5, 51) arranged to provide a magnetic field between them; a pair 
of pole plates (3, 31), respectively mounted on the opposing faces of the magnetic 
field generating sources (5, 51), and at least one magnetic field adjusting device 
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according to any of claims 1-6 or claims 17-20 when dependent on any of claims 1-6. 

23. A magnetic field generation device comprising a yoke (1), connected with an 
upper press plate (2) and a lower press plate (21), the lower press plate and the upper 

5 press plate oppositely arranged; and a magnetic field generating device according to 
claim 21 or 22, with respective magnetic field generating sources (5, 51) and pole 
plates (3, 31) oppositely mounted on respective said press plates (2, 21). 

24. MRI apparatus comprising a magnetic field generation device according to claim 
10 22 or claim 23. 



i % 

Abstract 

MAGNETIC FIELD ADJUSTING DEVICE 

The present invention relates to a magnetic field adjusting device; such as may be 
5 used in MRI apparatus. The device can overcome the magnetic force to enable 
shimming plugs to move in a controlled continuous manner, thereby achieving 
continuous adjusting and accurate positioning. The magnetic field adjusting device 
comprises; a pair of opposing pole plates (3, 31), respectively mounted on magnetic field 
generating sources, forming a magnetic field space; a plurality of shimming plugs (42) 

10 movably mounted at the periphery of said pole plates (3, 31), each shimming plug (42) 
mounted in a radially oriented retaining groove (45), so as to be moveable in the 
direction of the retaining groove. Additionally, or alternatively, the circumferences of 
the magnetic field generating sources (5, 51) are arranged with adjusting bars (71, 81) 
which can move perpendicular to the pole plates. As an advantage of the present 

15 invention, the magnetic field can be shimmed conveniently quickly, and accurately to 
improve the imaging quality. 
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